1
Advances in perinatal medicine have increased survival so that neonatal intensive care can today be life saving even for the most immature infants. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] However, concerns about risks for later disability, 20 adverse developmental programming increasing the risk for hypertension and diabetes in later life, and high costs 21 make intensive care at the limits of viability controversial. Moreover, the evidence for improved outcomes among extremely immature infants, which is fundamental for decision making before, during, and after birth, has been questioned. [22] [23] [24] Conversely, misconceptions regarding outcomes may result in suboptimal perinatal care because chances for survival are underestimated. 25 Objective estimates of survival for extremely preterm infants are difficult to establish because the more favorable outcomes, reported from centers of excellence, 4, 7, 8, 19 may reflect some selection bias. 23 Population-based studies, considered to be most valid, may have limitations such as cohorts born before 2000, 2,9-13,26-28 stillbirths or delivery room deaths not accounted for, 2, 9, [11] [12] [13] survival data restricted to admitted infants, 6, 13 or use of hospital discharge data. 9, 10, [13] [14] [15] [16] [17] Survival rates and morbidity often vary within countries and, to improve the outcome, centralization of care to centers of excellence is recommended. 17, 29, 30 However, strategies for better outcome, eg, more individualized management and decision making, 31 have not been evaluated on a population-based level. Accordingly, there is a need for up-to-date estimates of infant survival after extreme prematurity, both for assessing perinatal and neonatal care services and as a basis for clinical guidelines and parental counseling.
The objective of the national collaborative project Extremely Preterm Infants in Sweden Study (EXPRESS) was to evaluate the short-and longterm outcomes of infants born before 27 gestational weeks in Sweden during [2004] [2005] [2006] [2007] . The purpose of this report is to determine the 1-year survival with and without major neonatal morbidity among these infants.
METHODS
The study population comprised all live-born (gestational age Յ26 weeks 6 days) and stillborn infants (gestational age 22 weeks 0 days-26 weeks 6 days) delivered extremely preterm in Sweden from April 1, 2004 , to March 31, 2007 . Terminations of pregnancy and infants born outside of Sweden and transferred to Sweden for neonatal care were excluded. All obstetric and pediatric departments in Sweden participated in the study and no infant fulfilling the eligibility criteria was excluded. The study was descriptive with no attempts in the study framework to standardize treatment.
In each of the 7 health care regions in Sweden, 1 obstetric and 1 pediatric study coordinator were responsible for data acquisition and quality control. Data on mothers and stillborn infants were collected at the time of delivery. Data on live-born infants were collected prospectively during the first 180 days of hospitalization or until discharge or death. Mother and infant data were cross-linked with the National Medical Birth Registry to ensure accuracy. Information on infant deaths after discharge home until 1 year was obtained from the National Population Registry. Data collection continued for all infants who were transferred between hospitals.
All data were collected by local staff on standard study forms in accordance with a manual defining the variables. Regional data were electronically transmitted to a central database and again checked for quality and completeness. Records with missing or obviously erroneous information were returned to the regional study coordinators. Missing data were traced until the investigators, after personal contact, concluded that data were unobtainable. During the study, 1 internal and 1 external data control were performed on a randomly selected subset of study patients.
The data set comprised 220 items, including demographic information, maternal medical and previous obstetric history, data on pregnancy, labor, and delivery, infant condition at birth and details on resuscitation, illness severity at admission to neonatal intensive care unit, selected neonatal procedures, and infant outcomes such as survival, neonatal morbidity, time of death, and use of hospital resources.
The database was created in collaboration with the Swedish Perinatal Quality Register. MedSciNet (MedSciNet AB, Stockholm, Sweden) was responsible for the technical design of the study database and electronic transmission of data.
Sweden has a population of 9 million inhabitants and general health insurance coverage. Pregnancy care is standardized, free of charge, and virtually all pregnant women adhere to the routine antenatal care program starting in early pregnancy; 97% of all pregnant women have a routine ultrasound examination by specially trained personnel at 17 to 18 postmenstrual weeks. Each health region is served by a regional level III hospital. Births occur at 42 delivery facilities including 7 regional hospitals. The general policy is to centralize extremely preterm deliveries to regional hospitals.
Live birth and perinatal mortality were defined in accordance with the recommendations of the World Health Organization (WHO). 32 Perinatal mortality was defined as death in the perinatal period (comprising late pregnancy from 22 gestational weeks until birth, labor and delivery, and the first week of life) and includes stillbirths and early neonatal mortality. Intrapartum death was defined as stillbirth when the fetus was alive at the start of labor. The gestational age was recorded in completed weeks. In 860 pregnancies (95%), the gestational duration was based on ultrasound dating; in 16 pregnancies, on the date of last menstrual period (2%); and in 28 pregnancies, the dating method was not specified (3%). In 60 (10%) of the live-born infants with ultrasound estimation of gestational age, the expected date of delivery differed by at least −14 days from estimates according to the last menstrual period; 33 (13%) of the stillborn infants had a corresponding difference between the 2 estimation methods. Intrauterine growth was evaluated in accordance with the national fetal weight-based growth standard 33 and expressed as mean standard deviation scores (SDS; actual value minus mean/standard deviation). Infants with birth weight of more than 2 SDs below the mean were classified as small for gestational age (SGA).
Iatrogenic delivery was defined as delivery for maternal, fetal, or both indications, either after induced labor or as prelabor cesarean delivery. 34 Preterm premature rupture of membranes was defined as spontaneous rupture of the membranes at least 1 hour before the onset of contractions. 34 Mothers were considered to have received antenatal corticosteroids if they received 1 or 2 doses of betamethasone. Antenatal antibiotic treatment was defined as any antibiotic drug administered to the mother during hospitalization that resulted in delivery.
Intraventricular hemorrhage was graded in accordance with data from Papile et al. 35 Cystic periventricular leukomalacia was defined in accordance with data from de Vries et al, 36 retinopathy of prematurity in accordance with the International Classification for Retinopathy of Prematurity, 37 and necrotizing enterocolitis in accordance with staging by Bell et al. 38 Severe bronchopulmonary dysplasia was defined as the need for at least 30% oxygen at a time corresponding with 36 weeks of gestation. 39 Congenital anomalies were classified in accordance with the WHO International Classification of Diseases, 10th Revision; and luxations of the hip (Q65.0-Q65.5), balanic hypospadias (Q54.0), and patent ductus arteriosus (Q25.0) were not classified as anomalies.
The primary outcome was infant survival to 365 days based on all births including stillbirths and live-born infants. The secondary outcome was survival to at least 365 days without major neonatal morbidity, ie, survival without intraventricular hemorrhage grade greater than 2, retinopathy of prematurity stage greater than 2, periven-tricular leukomalacia, necrotizing enterocolitis, or severe bronchopulmonary dysplasia.
The study was approved by the Regional Research Ethics Board, Lund University, Lund, Sweden. The parents provided oral informed consent for data acquisition.
Statistical Analyses
Associations between gestational age and various dichotomized variables were analyzed using simple linear logistic regression either with gestational age as a continuous variable or as specified with gestational age converted to class variables. Overall survival was determined by standard Kaplan-Meier survival analysis. Dichotomized risk factors for infant death were evaluated using simple logistic regression analyses or, when specified, multiple logistic linear regression analyses adjusting for gestational age (entered as a continuous variable). The effect of perinatal interventions was analyzed in a multivariate model as specified. Goodness of fit was evaluated with Hosmer-Lemeshow test. All statistical analyses were performed using Gauss version 6.0 (Aptech Systems Inc, Black Diamond, Washington). All testing was 2-sided; P values of less than .05 were considered statistically significant.
RESULTS
During the 3-year study period, 305 318 infants were born in Sweden; of these, 1011 were extremely preterm infants (incidence, 3.3/1000 infants) born before 27 gestational weeks in 904 deliveries to 887 mothers. Of the infants in the study, 707 were live-born (70%; incidence, 2.3/ 1000 infants) and 304 stillborn (30%; incidence, 1.0/1000 infants). There were 102 multiple births (11.3%); 95 twin births (1 twin delivery before 22 weeksonly the live-born first twin includedand 1 delayed delivery after abortion of the first twin before 22 weeks); and 7 triplet births.
Maternal Characteristics
The mean age of mothers was 30.9 years (range, 14-46 years); 29 mothers were younger than 20 years of age (3.2%), 195 were 35 to 39 years old (22%), and 65 were aged 40 years or older (7.3%). There were 58% of mothers who were primiparae (520), 20% were non-Nordic (117/ 542 with available information), 14% were smokers (119/834), and 6.6% of pregnancies were the result of in vitro fertilization (59/904). In 36% of the pregnancies (325/904), clinical complications, eg, preeclampsia, antepartum hemorrhage, preterm premature rupture of membranes, or chorioamnionitis, were reported.
Characteristics of Live-Born Infants
The total number of infants and the number of live-born infants increased with gestational age (TABLE 1 and TABLE 2 ). There were 2 live-born infants reported before 22 gestational weeks; they died after 1 and 10 hours, respectively. Of the 707 live-born infants, 55% (n=388) were male, 22% (n=158) multiples, and 16% (114/703) were SGA ( Table 1 ). The proportion of SGA infants increased with gestational age (odds ratio [OR] for 1-week increase, 1.47; 95% CI, 1.22-1.75; PϽ.001). The birth weights ranged from 266 g to 1500 g. Low Apgar scores (Յ3) at 1 and 5 minutes in infants born at 22 weeks were 69% and 77%, respectively, and were more common than in more mature infants at 26 weeks (17% and 13%, respectively) (1-minute Apgar score OR, 11.07; 95% CI, 5.51-12.21; P Ͻ .001; and 5-minute Apgar score OR, 32.91; 95% CI, 14.63-74.04; PϽ.001). Congenital anomalies were reported in 12% of the infants.
Perinatal Interventions
Of all infants, 70% were born at level III hospitals (558 live-born and 145 stillborn). Of these infants, 75% and 42%, respectively, had been transferred in utero; 117 of 149 infants born alive at level II or at level I hospitals were transferred postnatally to a level III hospital for care (Table 1) . Of all liveborn infants, 509 were born after spontaneous onset of labor (72%) and 198 after iatrogenic deliveries for maternal or fetal indications or both (28%). In pregnancies with infants born alive after spontaneous onset of labor, tocolytics and antenatal corticosteroids were used significantly less at 22 weeks than at later gestational ages (tocolytic use OR, 0.34; 95% CI, 0.18-0.65; PϽ.001; and corticosteroid use OR, 0.06; 95% CI, 0.03-0.13; P Ͻ .001). Of 707 liveborn infants, 356 (50%) were born by Cesarean delivery and of these, 172 (48%) were iatrogenic. Birth by cesarean delivery was 36% among infants of mothers with spontaneous onset of delivery and 88% among those with iatrogenic delivery.
A neonatologist attended 83% of the live births, 61% of the infants were intubated in the delivery room, and 72% received surfactant within 2 hours after birth ( 
Mortality and Survival
The overall perinatal mortality was 45%, ranging from 93% at 22 gestational weeks to 24% at 26 weeks (Table 2) . Of live-born infants, 152 (22%) died during the early neonatal period (0-6 days) including 58 (8.2%) who died in the delivery room; and 35 (5%) who died during the late neonatal period (7-27 days). Altogether, 210 live-born infants (30%) died before the age of 1 year. The proportion of stillbirths, delivery room deaths, neonatal deaths, and infant deaths decreased with gestational age (Table 2 ). There was no sex difference in mortality (P=.77), whereas SGA (OR, 1.69; 95% CI, 1.12-2.58; P =.04) and multiple birth (OR, 1.70; 95% CI, 1.04-2.77; P=.01) were associated with an increased risk of infant death (adjusted for gestational age).
Survival curves from birth to 365 days after birth for the 707 live-born infants according to gestational age at birth are shown in the FIGURE. Most of the deaths occurred early in the neonatal period. For infants who survived 24 hours, the chance of 1-year survival was significantly lower for those born at 22 weeks than for those born at 23 or 24 weeks (OR, 0.22; 95% CI, 0.06-0.71; P =.01), which in turn was lower than the corresponding survival for infants born at 25 or 26 weeks (OR, 0.50; 95% CI, 0.32-0.78; P =.002). For infants who survived 28 days, no significant association between gesta- tional age at birth and 1-year survival could be detected (P = .08). Overall survival at 1 year of age for infants born alive was 70%: for those born at 22 weeks it was 9.8%; at 23 weeks 53%; at 24 weeks 67%; at 25 weeks 82%; and at 26 weeks 85% (absolute numbers in TABLE 3). The overall survival including stillbirths in the denominator was 49% and for 22, 23, 24, 25, and 26 weeks, it was 3.5%, 29%, 50%, 67%, and 72%, respectively. Of the 104 deaths occurring at least 24 hours after admission to a neonatal intensive care unit, 42 (40%) involved a decision to withdraw intensive care due to anticipated poor long-term prognosis. The percentages of death due to intensive care withdrawal ranged from 57% at 22 weeks to 29% at 26 weeks.
Of 497 infants who survived to 1 year, 5.6% (28) had cystic periventricular leukomalacia, 5.8% (29) had necrotizing enterocolitis, 10% (50 of 493 with available information) had intraventricular hemorrhage (Ͼ grade 2), 34% (169 of 493) had retinopathy of prematurity (Ͼ stage 2), and 25% (113 of 452) had severe bronchopulmonary dysplasia. Among these same survivors, 226 (45%) had been discharged from the hospital without major neonatal morbidity ( Table 3 ). The percentages ranged from 20% at 22 weeks to 63% at 26 weeks; the association with gestational age was statistically significant (OR for 1-week increase, 2.17; 95% CI, 1.67-2.78; P Ͻ .001).
Antenatal treatment with tocolytics, corticosteroids, or both; surfactant treatment within 2 hours after birth; and birth at a level III hospital were significantly associated with lower risk of infant death, before and after adjustment for gestational age (TABLE 4). Cesarean delivery was not associated with a significantly increased chance of survival after adjustment for gestational age. Birth at a level III hospital, which was associated with a lower risk of infant death in the univariate analysis and in the analysis with adjustment for gestational age, was not found to be significantly protective in the multivariate analysis.
COMMENT
This study showed 45% perinatal mortality, and 1-year survival of 70% of liveborn extremely preterm infants. As expected, live-born infants had considerable morbidity in the neonatal period. Studies on their long-term neurodevelopmental outcome are therefore warranted and in progress. The strengths of this study include the population-based and prospective enrollment representing a large number of births occurring extremely preterm, including antenatal and intrapartum stillbirths and infants born alive. Population-based data are essential for planning of health care, for determining temporal trends, and for comparisons with other results. Patients were recruited over a 3-year period reflecting present perinatal practice in Sweden. The cohort was stratified by gestational age estimated by ultrasound in practically all pregnancies. Infant survival was determined at several time points ending at 1 year of age, which provided detailed data for parental a Category denotes gestational age of 22 weeks 0 days to 22 weeks 6 days but also includes 1 infant born at 21 weeks 5 days and 1 infant born at 21 weeks 6 days. b Category denotes gestational age of 26 weeks 0 days to 26 weeks 6 days. c Infants with known information in denominator. d Survival without any of the major neonatal morbidities (intraventricular hemorrhage, retinopathy of prematurity, severe bronchopulmonary dysplasia, periventricular leukomalacia, or necrotizing enterocolitis) as described. Denominators are for all infants, including 21 infants without reported morbidity but with some information missing. counseling and decision making at various points in time. Accordingly, this study fulfills all criteria for realistic survival figures as previously proposed. 22 One limitation, shared with other studies using ultrasonography for estimating gestational age, is that some infants with early intrauterine growth restriction might have been assigned a falsely low gestational age. Such erroneous correction of gestational age done only a few weeks before birth might also explain the found increase in SGA percentages with gestational age; possibly at higher gestational weeks, the process of intrauterine growth restriction has continued for a longer time, thus causing more fetuses to become SGA. Furthermore, because of the observational design of the study, associations between interventions and outcome should be interpreted with caution. Some data could not be retrieved and the numbers of live-born infants at 22 weeks of gestational age, as well as in some subgroups, were small. Because the purpose of this report is to provide survival data, neonatal morbidity has not been reported in detail.
In a Swedish cohort born between 1990 and 1992 and comprising all infants with a birth weight of 1000 g or less (n = 931), care was less interventional. 26 Half of the infants were delivered at a level III hospital, one-fifth received antenatal steroids, and onefourth were treated with surfactant. Among infants born at 23 and 24 weeks of gestation, many were stillborn and a majority of those born alive died in the delivery room. The survival to 1 year was only 8% and 28%, respectively. 26 Patient management followed national guidelines to refrain from care of infants delivered at less than 25 weeks gestational age because of anticipated poor outcome. In 2001, the National Board of Health and Welfare published an expert report on perinatal management of extreme prematurity, which stressed centralization of perinatal services for women delivering extremely preterm. It also encouraged individualized evaluation of the mother and infant, departing from previous recommendations based on gestational age thresholds alone. We believe that the endorsement of these guidelines has contributed to the higher survival rates reported in this study.
As expected, 1-year survival of 70% for extremely preterm infants was lower than has been reported for preterm infants born at higher gestational ages. In Sweden from 1992 to 1998, 93% of singleton infants born alive to primiparous mothers after 28 to 31 weeks of gestation survived to 1 year of age. 2 Few population-based studies published in 2000 or later have reported stillbirths when reporting on extremely preterm delivery. 5, [14] [15] [16] [17] When the stillbirth rate in this study was expressed as a percentage of all births, it was similar to the rate in other Nordic countries. 1 4 , 1 7 However, in nonNordic countries, stillbirths are reported to be more prevalent. 5, 15 This could partly be explained by differences in rates of intrapartum deaths. In 2 European studies, 5, 15 the reported intrapartum death rates varied from 40% to 97% at 22 weeks, 20% to 75% at 23 weeks, 12% to 36% at 24 weeks, and 5% to 22% at 25 weeks, whereas corresponding figures in this study were 44%, 16%, 1%, and 1%, respectively.
The most important finding in this study is the high survival of extremely preterm infants born alive. Survival rates at hospital discharge in recent population-based studies have been reported as 0% at 22 weeks, 6% to 26% at 23 weeks, and 29% to 55% at 24 weeks. 5, [14] [15] [16] [17] In comparison, the 1-year survival rates in our study for infants born at 22, 23, and 24 weeks were 10%, 53%, and 67%, respectively. In this context, we note that the case-mix, ie, the proportions of infants with known risk factors for adverse outcome such as male sex (55%), pregnancy of multiples (22%), SGA (16%), and 5-minute Apgar score of 3 or less (29%), were similar to those reported from other countries. 9, 14, 31 The wide variation in admission for neonatal intensive care in different parts of Europe, ranging from 0% to 80% in infants alive at onset of delivery and born before 24 weeks of gestation, 16 clearly indicates that a large proportion of variation in infant survival reflects differences in care management around birth. In our study, the percentage of delivery room deaths in infants born alive (8.2%) was lower than the percentage reported by other studies. 5, 14, 15, 17 In this study, survival rates based on the number of admitted patients were comparatively high and are thought to reflect the quality of neonatal intensive care in Sweden. In a recent study from Great Britain, 15 the survival rates of admitted infants at 22, 23, 24, and 25 weeks were 0%, 18%, 41%, and 63%, respectively, compared with 26%, 65%, 73%, and 84%, respectively, in this study. Here, 40% of deaths occurring at least 24 hours after admission to the neonatal intensive care unit involved a decision to withdraw intensive care on the basis of anticipated poor long-term prognosis. The practice of withdrawal of neonatal intensive care is known to vary significantly among countries and regions 40 and might partly explain variations in survival rates.
This study revealed high rates of interventions reflecting a proactive approach to perinatal and neonatal care. Of infants born alive, 4 out of 5 were delivered at level III hospitals and the use of tocolytic treatment, administration of antenatal corticosteroids, attendance of a neonatologist at delivery, intubation at birth, and administration of surfactant were frequent. At 24 weeks, almost half of the infants were delivered by cesarean section and the number increased further with advancing gestational age. Of infants born alive at 23 to 26 weeks of gestation, 95% were admitted for neonatal intensive care. However, at 22 weeks of gestation, our findings reflect a more selective use of perinatal interventions Although observational, this study sheds some light on the effectiveness of perinatal interventions in extremely short gestations that have not been or are unlikely to be tested in randomized trials. Tocolysis, antenatal steroids, and surfactant administration before 2 hours of postnatal age were independently associated with a reduced risk for infant death. However, in contrast to the findings of a recent and larger study, 41 cesarean delivery was not associated with survival advantages. Also, we could not show that the attendance of a neonatologist in the delivery room and intubation at birth were associated with significantly lower mortality. These findings might be explained by methodological flaws, but they may also reflect the fact that delivery room care is neither standardized nor evidence based. 42, 43 Extremely preterm infants born at level I or level II hospitals had an almost doubled mortality (44%), as compared with infants born at level III hospitals (26%). This excess mortality risk for extremely preterm infants born in general hospitals has been previously described 17, 29, 30 and found to be unchanged even after acute obstetric complications are taken into account. 2 However, when adjusted for the use of perinatal interventions, birth at a level III hospital was no longer associated with a reduced risk, implying that the survival advantage of birth at a level III hospital was related to the use of interventions.
The goal of neonatal intensive care is survival without unacceptable severe morbidity. Major neonatal morbidity, such as periventricular leukomalacia, severe degrees of intraventricular hemorrhage, retinopathy of prematurity, and bronchopulmonary dysplasia, are of significant concern because they are associated with an increased risk for poor long-term outcome. 44 The proportion of surviving infants who were free of major neonatal morbidity was 45% in the total cohort. One-year survival without any major neonatal morbidity exhibited a strong correlation with gestational age ranging from 20% at 22 weeks to 63% at 26 weeks of gestation (Table 3) . Before a complete assessment of outcome can be made, the morbidity rates found in this study require further analyses of early prognostic indicators and risk factors, as well as a careful follow-up of survivors. In other studies that used broadly similar definitions, percentages without major neonatal morbidity varied from 19% to 79% among survivors. 6, 14 Population differences in Sweden vs other countries must be considered when interpreting our results. In Sweden, the general health of the population has been good for more than 2 generations and the health policy is egalitarian-contraception is subsidized for teenagers and abortion legislation is liberal. Adherence with the antenatal health care program is nearly universal. These factors may have contributed to a lower risk of extremely preterm delivery. However, the effect on improved survival once an infant has been delivered remains to be clarified. We believe that the results can be generalized to countries with universal access to health care and active perinatal programs.
In summary, overall 1-year survival was 70% in extremely preterm infants born alive at 22 to 26 weeks of gestation in Sweden during [2004] [2005] [2006] [2007] . Proactive perinatal management is likely to have contributed to this outcome. Therefore, noninitiation or withdrawal of intensive care for extremely preterm infants cannot be based solely on a notion of unlikely survival. This is not to suggest that all extremely preterm liveborn infants should be kept alive at any cost. The prognosis, based on an individual assessment, including early and subsequent morbidities, and parental desires are still the most important factors in decision making. 44 Whether survival is in the best interest of the infant and family will have to be continuously reassessed. Longterm health of survivors, with focus on neurodevelopment and cognition, is being investigated in a follow-up study at 30 months of corrected age.
